ABSTRACT The effects of supplementing a basal diet with 2 levels of an essential oil mixture and an antibiotic on the growth, laying traits, and egg hatching characteristics of broiler breeders were examined in this study. Nine hundred sixty female and 128 male breeders at an age of 1 d old were randomly allocated to 16 replicates (i.e., 4 replicates of 4 dietary treatments) in a floor pen trial. Two levels of an essential oil mixture (EOM; i.e., 24 and 48 mg of EOM/kg of diet) and an antibiotic (i.e., l0 mg of avilamycin/kg of diet) were added to the basal starter, grower, and laying diets from 0 to 45 wk of age. Daily feed allocations were adjusted to produce a target BW and egg production rate of the breeders throughout the experimental period. The BW of the males and females were determined at 12, 21, and 45 wk of age. Livability during the growing and laying period was not affected by the dietary treatments. The fertility and hatchability of total eggs set were positively affected by the supplementation of the EOM in the diet (P < 0.01). The hen-day egg production, hatching egg weight, settable egg ratio, hatching of fertile eggs, extra large egg rate, and proportion of chick weight to egg weight were not affected significantly. The higher level of EOM (48 mg/kg) added to the diet led to the hatching of the heaviest chickens; the lower level of EOM (24 mg/kg) and antibiotic treatments led to the hatching of the intermediate weight chickens, followed by the control treatment (P < 0.01). Hens given the lower level of EOM in their diets produced a higher number of settable eggs and chicks as compared with those of other treatments, whereas hens fed the control diet yielded the lowest total settable eggs and chicks throughout the experimental laying period (P < 0.05). The results of this study showed that supplementing diets with EOM improved fertility, the hatchability of total eggs set, total settable eggs, total chicks, and the chick weight of broiler breeders.
INTRODUCTION
Feed additives as performance enhancers for broiler breeders have primarily been applied to increase utilization of the limited feed allowance and, in turn, improve egg production performance, fertility, and hatchability. Because of the increased multiple resistance of bacteria and decreasing acceptance of the consumers for antibiotic feed additive (Barton, 2000; Bach Knudsen, 2001; Schwarz et al., 2001) , the use of antibiotics as feed additives has been gradually restricted (Kocher, 2005; Cervantes, 2006; Plail, 2006) and prohibited in the European Union since 2006. Therefore, considerable efforts have been made to search for alternatives to antimicrobial feed additives over the past decade. One alternative to antimicrobial feed additives is essential oils derived from herbs and spices. Today, this practice is receiving much attention particularly in broiler chickens (Alçiçek et al., 2003 (Alçiçek et al., , 2004 García et al., 2007) and laying hens (Çabuk et al., 2006) . Herbal essential oils assist in colonization of the beneficial microbial population within the gastrointestinal tract to more balanced levels (Zaika, 1988; Jang et al., 2007) . Besides their antimicrobial properties (Ultee et al., 2002) , they also exhibit antioxidant (Basmacioğlu et al., 2004) , antifungal (Bang et al., 2000; Shin and Lim, 2004) , digestion-stimulating, and enzymatic (Jamroz et al., 2003 (Jamroz et al., , 2005 Hernandez et al., 2004) activities. The benefits of essential oils from herbs and species in poultry diets have been recently demonstrated, not only in terms of improving performance traits but also in inhibiting pathogenic bacteria and reducing residue hazard of meat and egg products (Bassett, 2000; Gill, 2001; Hertrampf, 2001) . These nutrient-sparing and health-promoting effects are most likely attributable to the effects of essential oils within the gastrointestinal track on improving the balance of gut microflora and improving nutrient digestion and absorption (Mitsch et al., 2004; Jamroz et al., 2005) . However, experimental studies indicated that essential oils, either individually or in specific blends, were able to produce benefits comparable to traditional growth promoters including antibiotic, organic acid, prebiotic, and probiotic in maintaining general health status and performance of broilers (Alçiçek et al., 2003; Bozkurt et al., 2005; Zhang et al., 2005) and laying hens (Çabuk et al., 2006) . In comparison with the vast number of research papers published on the essential oil mixture (EOM) and plant extract supplementation to broiler diets in the past decade (Alçiçek et al., 2004; Basmacioğlu et al., 2004; Hernandez et al., 2004; Jamroz et al., 2005) , there is relatively little published data on laying hens (Botsoglou et al., 2005; Ma et al., 2005; Çabuk et al., 2006) and broiler breeders (Ather, 2000) , which demonstrated antioxidant, immunostimulator, and performance enhancer aspects. The results of initial studies have demonstrated that the antimicrobial, antioxidant, digestion-stimulating, and performance enhancer effects of herbal essential oils in broilers and layers necessitates research on relevant mechanisms in broiler breeders.
Therefore, the primary objective of this study was to examine the effects of an EOM supplementation to broiler breeder diets on BW, livability, egg production performance, settable egg rate, egg weight, chick weight, fertility, hatchability, and number of total eggs and chicks per hen in both grower and egg production period.
MATERIALS AND METHODS

Pullet and Breeder Management
One-day-old male and female Ross 308 broiler breeder chicks (i.e., 128 male and 960 female) were obtained from a grandparent operation. Birds were weighed individually and then randomly distributed to an experimental unit. From hatching to 22 wk of age, all birds were housed in a 32-pen growing house; however, the males and females were penned separately during the growing period. Sixteen floor pens, each occupying a space of 13.8 m 2 , were used to rear all of the females (i.e., 60 females per floor pen), and 16 floor pens, each 2.4 m 2 in size, were used to rear all of the males (i.e., 8 males per floor pen). Each pen that was used for females was equipped with 2 circular hanging drinkers and 6 circular hanging feeders; 1 drinker and 1 feeder were provided for each male pen. The diameter and depth of the feeder pans were 21 and 8 cm, respectively, with 132 cm of available feeder space per pan. Bell drinkers with a 17-cm diameter and a 4-cm lip depth supplied continuously available fresh water. Pine shavings were used as the litter material. All of the female and male birds were weighed individually at 12 and 21 wk of age. According to the average BW value for each pen, the heaviest and lightest birds were excluded from the female and male pens at the end of 21 wk of age. Accordingly, 50 female and 5 male birds remained in their pens, respectively. The birds were moved to a 16-pen, open-sided naturally ventilated breeder house at 22 wk of age; the same groups were kept with their pen mates throughout the treatments. Males were distributed to female pens according to the traditional ratio (i.e., 1 male per 10 females). Briefly, 50 hens and 5 males were assigned to each of the 16 breeder pens (i.e., continuing with the 4 replicates of the 4 treatments). In this phase, each breeder pen was equipped with a single circular hanging drinker, 6 circular hanging feeders, and one 12-hole nest box. Pine shavings were spread throughout the floor pens, each of which had the following dimensions: 3.4 × 4.8 m. To avoid probable feeding mistakes by the farmhands and head injuries to the males during the feed allocation to the pens in the early morning (i.e., at 0600 h), feeding each sex separately was not attempted. Therefore, female and male breeders used the same feeders and were fed the same diet. The birds were exposed to the natural day length and daylight from 1 wk of age through 20 wk of age. Upon movement to the breeder house at 21 wk of age, the day length was artificially increased to 16 h at the start of laying using a combination of natural and incandescent light.
Pullet and Breeder Diets
The birds were fed a chick starter diet for the first 6 wk of life and a grower diet from 7 to 20 wk of age, followed by a breeder diet until 46 wk of age (Table 1) . Four experimental starter, grower, and breeder diets were formulated to meet or exceed NRC (1994) specifications.
An EOM (Heryumix, Herba Ltd. Co., Izmir, Turkey), including carvacrol, thymol, 1:8-cineole, p-cymene, and limonene as active components, was composed of 6 totally different essential oils [i.e., oregano oil (Origanum sp.), laurel leaf oil (Laurus nobilis), sage leaf oil (Salvia triloba), myrtle leaf oil (Myrtus communis), fennel seed oil (Foeniculum vulgare), and citrus peel oil (Citrus sp.)]. Essential oil premixes (i.e., EOM1 and EOM2) used 976 and 952 g of zeolite, respectively, as a carrier for 24 and 48 g, respectively, of essential oil. An antibiotic (ANT) preparation containing 10,000 mg of avilamycin/kg of premix was also investigated as a supplement. The ANT, EOM1, and EOM2 premixes were added as supplements to the basal diet (i.e., 1 kg of supplement/1,000 kg of feed was added in place of the sawdust conventionally found in the feed mix). A commercial ANT for subtherapeutic use (i.e., avilamycin), which was a permitted ANT before the latest ban in the European Union, was used in this study to compare the effects of a feed-grade ANT to that of an EOM. The 4 dietary treatments used in this study were as follows: 1) basal diet (control), 2) ANT (i.e., 10 g of avilamycin/kg of diet), 3) EOM1 (i.e., 24 mg of EOM/kg of diet), and 4) EOM2 (i.e., 48 mg of EOM/ kg of diet). All diets were isocaloric and isonitrogenous. The standard techniques for proximate analysis were used to determine the nutrient concentrations in the diets (Naumann and Bassler, 1993) . The experimental diets were also analyzed for starch, sucrose, total calcium, and phosphorus (Table 1) using the method of the Association of German Agricultural Analysis and Research Institute (Naumann and Bassler, 1993) . Daily feed allowances were adjusted weekly to maintain a targeted weekly BW gain as recommended by the breeder (Ross Breeders Ltd., Newbridge, Midlothian, UK). Each feed treatment was adjusted to provide a similar nutrient intake. After the hens began laying eggs, the feed rations were adjusted according to the hen-day egg production. Weekly increases were made consistently in the feed allotments such that the feed allotments were adjusted from 120 g/bird per day at the commencement of laying (i.e., 26 wk of age) to 164 g/bird per day at the time of peak egg production (i.e., 34 wk of age). During the post-peak-production period (i.e., from 34 to 45 wk of age), the male and female breeders were fed 164 g/bird per day.
Experimental Responses Measured
All of the male and female birds were weighed individually upon hatching and at 12, 21, and 45 wk of age. Livability was recorded as a percentage of live birds daily, and the feed allowance was adjusted accordingly. Egg production performance was expressed as a percentage of hen-day egg production and recorded daily for each replicate pen when the hens were between 26 and 45 wk of age. One hundred twelve randomly sampled settable eggs for each treatment (i.e, 14 eggs/ replicate per day) were collected on 2 consecutive days each week and weighed individually. Eggs that were not dirty, cracked, broken, excessively small or large, or double-yolked were accepted as settable eggs. Hence, a total of 8,960 eggs were weighed to determine the average egg weight. The laying and hatching traits of the experimental birds were summarized on a weekly basis between 26 and 45 wk of age for the entire 20-wk laying period. The settable egg rate and the extra large egg rate, which includes double-yolked eggs, were expressed as percentages of the total number of eggs laid per day and recorded daily. Eggs from each pen were collected 4 times a day (i.e., at 0900, 1100, 1300, and 1500 h). A sample of 54 settable eggs per replicate pen (i.e., 216 settable eggs per treatment) was collected weekly and used to determine the fertility and hatchability of the eggs. Settable eggs that were collected for 3 consecutive days (i.e., 18 eggs/d) per week per replicate were set for each week of the 20-wk period between 26 and 45 wk of age. A total of 17,280 settable eggs (4,320 eggs per treatment) were incubated. The eggs were stored for 3 d at the end of the collection before setting. The eggs were stored at 16°C and 70% humidity in an isolated room. The eggs were incubated in a Petersime Model S 20 multi-stage incubator (Petersime NV, Zulte, Belgium), and the setting trays were arranged individually for each replicate group. The eggs were randomly distributed by pen replicate throughout the same incubator to avoid a tray stratification effect. The eggs were incubated at 37.6°C dry bulb and 28.6°C wet bulb temperatures. The eggs were candled on the tenth day of incubation to identify infertile eggs. All infertile eggs were opened and examined macroscopically for evidence of embryonic mortality. Embryonic mortalities were not included in the determination of infertility. Therefore, the number of fertile eggs was clearly established, and fertility was calculated as a percentage of fertile eggs set. On d 19, the fertile eggs were immediately transferred to the hatchery compartment of the same incubator for hatching. The hatching incubators were set at 37.5°C dry bulb and 29.2°C wet bulb temperatures. The eggs were compartmentalized within separate hatching trays, and the numbers of hatched chicks were recorded for each treatment replication on d 21.5 of incubation. Hatchability was expressed in the following 2 forms: as a percentage of total fertile eggs set and total eggs set. Twelve newly hatched chicks from each hatching tray of each replicate group (i.e., 48 chicks per treatment) were randomly selected and individually weighed to determine chick weight on a weekly basis. Additionally, the weight of the chicks was expressed as a percentage of the settable egg weight to identify the conversion capability of 1 unit of egg weight to body mass of chick during the incubation period. This calculation is based on the total bulk weight of all eggs set and all chicks hatched per replicate pen on a weekly basis throughout the experimental period.
The number of total settable eggs per hen was calculated using the hen house egg production records (i.e., the cumulative settable egg number) on a replicate pen basis. Total chickens was determined by multiplying the total settable eggs value for each pen by the hatchability of total eggs set data on a replicate pen basis.
Statistical Methods
The data for BW, egg production, and egg weight were analyzed using the GLM procedure with SPSS 15.0 (SPSS, 2006). Significant differences between treatment means were separated using Duncan's multiple range test with a 5% probability. The data for fertility, hatchability of fertile eggs, hatchability of total eggs set, settable egg rate, chick weight:egg weight, livability, and extra large egg were not normally distributed; thus, a Kruskal-Wallis test was applied.
RESULTS
The average BW and livability of male and female broiler breeders from 21 to 45 wk are presented in Table 2 . No significant BW differences were observed among the treatments in either the growing period (i.e., at 12 and 21 wk of age) or the egg production period (i.e., at 45 wk of age). The livability of male and female broiler breeders was not affected by the dietary treatments throughout the growing period and the laying period (i.e., 0 to 21 wk of age and 22 to 45 wk of age, respectively). Essential oil mixture supplementation in broiler breeder diets resulted in no detrimental effects on general health status, such as growth performance associated with high inclusion rates. The dietary effects of EOM and ANT additives on the egg production performance of broiler breeders are shown in Table 3 . No significant differences were observed in the hen-day egg production, egg weight, extra large egg, and settable egg rate for any of the treatments throughout the entire experimental period.
The dietary effects of EOM and ANT additives on the hatching characteristics of broiler breeders are shown in Table 3 . Fertility was affected by dietary treatment (P < 0.01). Specifically, EOM supplementation at both inclusion levels in the breeder diet significantly increased fertility compared with the control treatment (P < 0.01). The highest fertility was obtained in broiler breeders on the EOM1 diet, whereas fertility was lowest for the control treatment group. Hens that were fed ANT diets had significantly lower fertility than that of the EOM1 treatment. The hatchability of total eggs set was significantly affected by the addition of EOM and ANT to the diet (Table 3) and also followed a similar pattern as that of fertility. Thus, the highest and lowest hatchability of total eggs set values were observed in the EOM1 and control treatment groups, respectively. However, the fertility and hatchability of total eggs set values for the EOM1 and EOM2 groups were not significantly different.
In contrast, hatchability of fertile eggs was not affected by dietary treatment. However, neither ANT nor EOM supplementation to the diet resulted in undesirable effects on the hatchability of fertile eggs in this study, including weak piping effort, lower hatching ability, poor embryo viability, and delayed hatching period. All of the experimental feed additives increased the chick weight when compared with the control treatment (P < 0.01). Although no significant differences were observed in the egg weights for the experimental treatments, the results of this study also showed that broiler chickens being hatched from breeder hens fed with the EOM and ANT diets were heavier than those chickens obtained from hens receiving the control diet. Comparing all of the treatment groups, the weight of the chickens that hatched from hens fed EOM2 was highest, whereas those fed EOM1 and ANT were similar. The chick weight:egg weight ratio was not affected by either the EOM or ANT supplementation to the diet. The total settable eggs (per hen) and total chickens (per hen), which were calculated on a pen basis, were affected by dietary treatment (P < 0.05). The highest values for total settable eggs and total chickens per hen were observed in the EOM1 group, whereas the lowest total settable eggs and the lowest total chickens were observed in the control treatment group. Hens given the EOM2, ANT, and control diets yielded less total settable eggs and total chicks than hens fed the EOM1 diet (P < 0.05).
DISCUSSION
In the present study, the 2 levels of EOM supplementation and ANT supplementation in the diets of broiler breeders did not affect the BW and livability of the broiler breeders in either the growing or egg production periods (i.e., 12 and 21 wk of age and 45 wk of age, respectively). Recent scientific articles regarding dietary supplementation with etheric oils and the extracts of some plants indicated encouraging initial results [i.e., exhibited growth promotion, nutrient digestibility enhancement, and feed efficacy mechanisms in broiler chickens without affecting bird mortality; Alçiçek et al., 2003 Alçiçek et al., , 2004 Hernandez et al., 2004; Jamroz et al., 2005; Çabuk et al., 2006; García et al., 2007] . However, published data were not found in the scientific literature regarding the effect of dietary supplementation with essential oil on the growth rate of broiler breeders that were fed restricted diets throughout the growing and laying periods. No significant differences were observed in the hen-day egg production, settable egg weight, extra large egg rate, and settable egg rate among treatments.
In contrast, regarding the egg production performance, breeder hens given the EOM1 diet laid more settable eggs compared with the other treatments. Our findings related to egg production traits did not confirm earlier work that indicated beneficial effects from essential oils in the diets of laying hens. In a recent study by Çabuk et al. (2006) , the hen-day egg production of brown layers between 54 to 74 wk of age that were given diets supplemented individually with an EOM, ANT, and mannan oligosaccharide were 79.64, 77.05, and 78.92%, respectively; hence, the egg production rate for EOM and mannan oligosaccharide treatments was significantly higher than that of the ANT group (P < 0.01). In another study (Botsoglou et al., 2005) , the dietary effects of aromatic plant extracts on the laying performance of hens from 32 to 40 wk of age were investigated. The results of this study showed no significant differences in egg production and egg weight among the treatment groups. Unfortunately, very limited scientific data were found in the literature relating to the effects of dietary essential oils on the performance of broiler breeders. In a study by Ather (2000) , 48-wk-old broiler breeders were given diets supplemented with a polyherbal additive that consisted of 6 herbs. The author reported that hen-day egg production, settable egg rate, and fertility significantly improved for hens receiving the herbal additive supplementation in their diet during the 8-wk trial period. Due to the lack of information with respect to broiler breeders, the results of this study were compared with research that examined effects of dietary supplementation with some botanical additives on the laying performance of layers. A comparison of the dietary effects of the 2 levels of EOM (i.e., 24 and 48 mg/kg) indicated that the increasing supplementation dose of EOM did not result in any significant benefits on the performance traits of broiler breeders except chick weight. No significant effects from the dietary EOM and ANT supplementation was observed on the extra large egg rate throughout the experimental period. However, the extra large egg rate tended to decrease for the ANT and EOM supplementation in the diet. Additionally, the beneficial effects of the herbal additives on the egg production rate of laying hens during heat stress was observed in a recent study by Ma et al. (2005) . The dietary essential oils resulted in the most important effects on the following breeder performance traits in the present study: fertility, hatchability of total eggs set, and chick weight. In this study, chick weight was significantly increased with the supplementation of EOM and ANT to the diet when compared with the control treatment. Consistent with the results of better total settable egg production and hatchability of total eggs set, hens that were given EOM1 diets produced more chicks as compared with all other treatments. Because total settable eggs and chick production are of high value in broiler breeder production, EOM1 supplementation to the diet seemingly presents a profitable production method. These benefits of dietary essential oil supplementation could be attributed to various modes of action from the essential oils that have been shown in earlier broiler and layer case studies, such as antimicrobial, enzymatic, antioxidative, and immunostimulator effects ( In conclusion, the results of this study showed encouraging improvement in fertility, hatch of total eggs set, and chick weight in broiler breeders when their diets were supplemented with an EOM. Further research is needed to clarify the immunomodulator effects of essential oils to obtain healthier progenies of broiler breeders in addition to the observed improved reproductive performance.
